INTRODUCTION
Video games are a major form of entertainment, specifically among children and adolescents (1, 2) . With the release of America's Army in 2002, the first serious game that reached important public awareness, there has been a growing body of research considering video games as a tool to amplify motivation and learning, giving them wider applications than entertainment (3) (4) (5) .
Serious games are designed to teach, through a ludic medium, a wide range of concepts and skills that can be used outside the virtual environment. Michael Zyda defines them as "a mental contest, played with a computer in accordance with specific rules, that uses entertainment to further government or corporate training, education, health, public policy, and strategic communication objectives" (6) . In this study we focused on serious games that use video game design as ludic medium in contrast with role playing games or board games. In order to provide a comprehensive overview of video games' use in child and adolescent psychiatry, we also focused on commercially available video games used in a therapeutic or preventive context.
Serious games are currently used, inter alia, in therapeutic education, prevention, treatment of various medical conditions, rehabilitation, or as an educational tool for healthcare professionals (7) (8) (9) . To achieve these goals, serious games use traditional video game design to create immersive and entertaining games, but they also include learning theories and methodologies based on empirical research to assure ideal learning conditions and maximize learnings. For instance, the use of a meaningful context by creating a graphic environment, rules and scenario that serves learning objectives, amplifies learning and new knowledge application to real life (10) . Cognitive load theory suggest that removing cognitive load by introducing gradually difficult tasks and building a simple and user friendly interface, contributes to maintain a high level of attention through the entire game (11) . Finally, serious games are designed to include evidence-based therapeutic techniques and are often based on cognitive behavioral therapy (CBT), cognitive remediation or neuropsychological theories.
Another classical distinction is between sedentary and active video games, also known as exergames. These games promote physical movement and require from the player to practice strength, balance and flexibility activities (12) . To translate the players' movements into a virtual movement these games require motion controllers, boards using pressure sensors such as the Wii balance board, or cameras such as the Microsoft Kinect. These video games have raised a lot of clinical interest over the past decade, both as commercially available video games (used within an evidence-based neuropsychological framework), or specifically designed serious games. Exergames have been used to train many executive functions (13, 14) , and, as pointed out by a recent meta-analysis (15) , they have been used to improve cognitive functioning in neurological disabilities of older adults or school-aged children affected by developmental disorders (16, 17) . They also increase daily physical activity in populations such as children with autism, without whom may have difficulty accessing collective sports (18) . Such games are easily accessible, affordable and widely available for the general population and medical practitioners.
The use of video games (both as serious games and commercially available video games) in child and adolescent psychiatry can be specifically suited for many reasons. Within this age range, there is a need for therapeutic alternatives since medication options are often limited (19) . Children and adolescent are drawn to this medium, so adherence and engagement to treatment can be amplified. Also, learning new abilities in the context of standard therapies such CBT or cognitive remediation can be a prolonged and fastidious process in this population (20) , in particular in children and adolescents with attention disorders. By combining within a video game evidence-based therapy techniques with learning theories, serious games can make this learning process less intrusive and more enjoyable for patients, through the use of a familiar medium that feels safe, gratifying and immersive, thus helping child and adolescent to maintain their attention and motivation during extensive training sessions. Like other form of play, playing video games in a therapeutic context is a proper way for children to learn how to overcome real life issues, since developmental psychology theories highlight the fact that playing is a fundamental way in which children learn, experiment with different social experiences and emotional consequences or reproduce real-life conflicts in order to work out ideal resolutions (21, 22) .
Many serious games have been designed to target symptoms of a broad range of children and adolescents' disorders. Previous literature reviews and meta-analyses on serious games highlighted the lack of research focusing on the effectiveness of these games, but also the lack of comparative studies and of follow-up evaluations (evaluations after last training session) (23) (24) (25) . Moreover, most of the studies lacked statistical power due to small sample size and showed no generalization regarding acquired knowledge outside of the virtual world or lack of far transfer (near transfer occurs when the training context is similar to the application context and far transfer occurs when these contexts are remote from one another). The lack of far transfer is a recurrent concern about serious games and computerized training programs (26) . For instance, while many computerized neurocognitive training programs offered to train working memory in order to reduce ADHD symptoms or reading disorder symptoms, a meta-analysis from 2013 showed that these programs improved working memory skills but training had no impact on daily life functioning and symptoms (27) . Authors suggested that this lack of far transfer could be linked to the predictive and repetitive tasks, lack of context, storyline, and behavioral strategies (e.g., reinforcement, immediate performance feedback from a mentor, goal setting through missions, modeling, social support, and comparison) offered by these computerized training program (28) .
An additional area of research surrounding video games has been the study of the cognitive impact of playing commercially available video games. These games often require many skills and a high tolerance to frustration, since most levels need to be practiced over and over in order to get the required skills to finally succeed (29) . A recent meta-analysis concluded that action video games robustly enhance the domains of top-down attention and spatial cognition (30) . A systematic literature review of experimental studies found that video games improves emotion regulation (31) . Starcraft and other tower defense games can be used to foster acquisition of mathematical competence such as problem solving, while Minecraft can be used to teach mathematics, and Assassin's Creed to teach history (32) (33) (34) . These games have been used in psychotherapy with children and adolescent since the early 90's (35) , in order to evaluate children's cognitive processing style or to build a therapeutic relationship (36) . A literature review gathered studies evaluating the cognitive impact of video games by genres, in order to set indications in therapies for each type of games (37) . For instance, role playing video games (games that encourage the player to have a high level of identification to their own characters or avatars in game) can be used by psychotherapist to identify or test object-relations of patients or can be used within a CBT to challenge self-schema and generate positive alternatives. Whilst considering that this domain of research is promising, previous authors have highlighted the need for comparative evaluations of these different types of games and regular evaluations of their effects in these indications (38) . Therefore, the aim of this literature review was to evaluate the effectiveness of serious games and commercially available games in the treatment and prevention of psychiatric disorders in children and adolescents.
METHODS

Search Methodology
The methodology of this study was in accordance with the Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) (39 In addition, we handed searched references lists of identified articles and pertinent reviews for additional studies. We also did cross searches in MEDLINE and Web of Sciences by using the names of the researchers who were authors on studies found in our first selection process.
Inclusion Criteria
We selected comparative studies reporting the use of commercial video games or serious games in the treatment or prevention of child and adolescent psychiatric disorders. Titles and abstracts were reviewed by two independent investigators (DZ and AR), and all relevant articles were then reviewed in full-length.
We only included recent studies (since 2012) in order to evaluate the current state of research on the therapeutic and preventive use of serious games and commercial video games.
Exclusion Criteria
We excluded computerized-based therapy that does not include storytelling or serious game design elements (virtual reality and computerized cognitive training).
Virtual reality games would be a promising area to explore; however, the development of such technology is still relatively expensive and is considered to be complex, which explains why, most of the time, they do not include storytelling and other essential elements required for serious games. Whilst they cannot be considered as serious games, they can, however, be used as important training tools. Within the studies carried out so far, the evaluation of virtual reality for child and adolescent psychiatry has included a minimal number of patients and rarely had control groups. This makes the results of studies focused on virtual reality difficult to interpret, which explains why we excluded them from this literature review.
Computerized cognitive trainings were excluded because they are not considered to be games, since they do not include a scenario and are not thought to be playful, thus lacking the potential positive effect on attention and motivation.
Studies evaluating the effects of serious games for diagnosis of child and adolescent psychiatric disorders where excluded, as well as serious games used in any other context than child and adolescent psychiatry (for example serious games designed to prevent child obesity or serious games used for neurorehabilitation).
Finally, studies describing serious games' development or acceptability were excluded since they do not focus on the therapeutic or preventive use of such games.
RESULTS
Twenty-two studies met our inclusion criteria, 14 evaluating serious games and eight evaluating commercially available games, five of which were exergames ( Figure 1 ). All studies were randomized controlled trials (RCTs), with sample sizes varying from 32 to 540 participants for studies evaluating serious games and from 18 to 100 participants for studies evaluating commercially available video games.
Studies targeted a wide range of child and adolescent psychiatric conditions including Attention Deficit Disorder with Hyperactivity, Autism Spectrum Disorder, Anxiety, Developmental Coordination Disorder and dyslexia. Eighteen studies reported significant improvement on the targeted symptoms and test scores.
Eighteen studies reported a generalization of knowledge acquired in game into daily lives. Only two studies compared the intervention game to its equivalent psychotherapeutic faceto-face therapy, (40, 41) , and one study compared the game to treatment as usual (42) . The other studies used a no-intervention control group and/or a different game as the control group. Last evaluation (follow-up) took place one week to 18 months after the intervention and studies evaluating commercially available video games lacked any follow-up evaluation.
Serious games used in these studies were designed to include empirical-based therapeutic framework (mostly CBT and cognitive remediation). Serious games were well-accepted by participants and succeeded in implementing core elements of serious game design in order to maintain a high level of motivation throughout the therapy process.
Detailed results are presented in Table 1 .
DISCUSSION
These results highlight an overall increase in efforts to evaluate the effectiveness of serious games, as part of the treatment of psychiatric conditions in children and adolescents. Since 2015,
we observed a multiplication of RCTs, with large samples variating from 32 to 540 participants, evaluating the effectiveness of serious games. Nevertheless, these studies have varied methodologies, which remain a limitation in the process of evaluating such games in a therapeutic context. Our results are in line with those from previous meta-analyses and literature reviews on serious games, which also found no consensus on which type of control group is the best to evaluate such games (26, 64) . The same issue occurs for the evaluation of commercially available video games. Three types of control groups have been used across the studies we selected: the first is a waitlist or no intervention; the second consists in the comparison to another game; and the third consists in the comparison to a gold standard psychotherapeutic equivalent (usually, face-to-face psychotherapy).
Using another game as control can reduce the accuracy of the evaluation, even more so if the control game is a commercially available one. Considering that the control game can have similar beneficial effects to the intervention game by training the same skills, this can reduce the magnitude of potential beneficial effects observed with the intervention game. This issue was present in the first evaluation of DOJO (65) , where participants in both conditions (a serious game and commercial control game) showed equal improvement on anxiety symptoms. The authors highlighted that even though the control game (Rayman) was not specifically designed to reduce teenagers' anxiety, it may incorporate some mechanisms that can benefit the player's emotional development and reduce anxiety. For instance, the game is built for trial-and-error learning, which means that the player has to lose and repeat levels multiple times to sharpen his in-game skills and to do so, the individual must overcome frustration, anger and anxiety in order to win. The concern here is that most games are built on trial-and-error learning, which can have an effect on emotional development and emotion regulation (31), thereby making it complicated to use a game as a control condition. This highlights the importance of the addition of a waitlist group, in order to ensure that any beneficial effects observed are not any greater without any intervention at all. ADHD, Attention deficit hyperactivity disorder; ASD, Autism spectrum disorder; AVG, action video games; CBT, cognitive behavioral therapy; CG, control group; DCD, Developmental coordination disorder; DIG, delayed intervention group; EG, experimental group; ER, Emotion recognition; HP, with high pragmatic language skills; LP, low pragmatic language skills; NAVG, non-action video games; RCT, randomized controlled trial; SG, serious game; TFT, Task oriented Functional Training; WM, working memory.
Studies evaluating the impact of commercially available video games on dyslexia fostered the crucial importance of a waitlist group. Two studies, comparing commercial action video games to non-action video games, without a waitlist group, showed improvement in reading words and phonological decoding (58, 66) . Łuniewska et al. examined studies which included more participants, a wait list control group, one intervention group using the same commercially available action video game and one control group using a non-action video game specifically developed by the research team to be based on phonological awareness tasks (56) . Results revealed that the two game intervention groups had the same enhancement of reading skills and that the wait list control group, which did not participate in any training, presented the same enhancement of reading skills as the two training groups. By including a no-intervention control group, this study provided evidence to support the fact that action video games do not enhance the reading or phonological skills of dyslexic children. These results imply that only exergames hold promise of efficacy among commercially available video games included in our literature review.
It is important to compare these games intending to have therapeutic benefits with the gold standard intervention in order to assess them. A meta-analysis assessing the effectiveness of serious games concluded that the best way to evaluate their effectiveness is to compare them to a group that receives no training and to a group trained using a different type of method (applied to child and adolescent psychiatry, it would be the equivalent of face-to-face therapy or gold standard therapy) (26) . This was done in only two of the studies retrieved in our literature review (40, 41) .
The first study designed to assess the serious game Mindlight in 2016 used a commercial video game as control group, facing the same challenge as the study evaluating the serious game DOJO: results showed significant improvement, but equal in both control group and experimental group (52) . Mindlight incorporated successfully several CBT strategies within its storyline and design: attention bias modification, exposure therapy and electroencephalogram (EEG) biofeedback training. The story centers on a child, Arty, isolated in a scary haunted dark mansion trying to save his grandmother. Arty finds a magical glowing headset that teaches him (and the player) to overcome his fears by changing his state of mind, the more relaxed the player is in real life, the more the headset shines in the game, allowing Arty to pass through the dark scary mansion, and the player to progress in the game. Changes in brainwave patterns recorded by the EEG headset (i.e., reduction in relative beta power and increases in relative alpha power) have been identified as proxies of relaxation. The game incorporates exposure therapy in its design and mechanics by encouraging the player to try a variety of relaxation techniques (e.g., deep breathing, self-talk) while approaching (rather than avoid) scary enemies. Finally, the game incorporates attention bias training by including a modified dot probe task in its design. By rewarding and encouraging the player to quickly respond with a mouse click to positive stimulus and shift attention away from negative ones, the games trains the players attentional system to attend more to positive stimuli than negative ones, thus correcting attentional bias underlying the pathogenesis of childhood anxiety (41) .
The second study assessing Mindlight in 2018 compared the game to 8 sessions of face-to-face CBT therapy (coping cat) in a randomized controlled non-inferiority trial (41) . Results showed equal improvement in both groups in terms of self-reports and parents-teacher ratings at post-test, three and six month followup, thus proving that a well-designed serious game could be used as an engaging alternative way to deliver CBT to children suffering from anxiety.
Another important factor that can interfere with the accuracy of studies is the notion of transfer of acquired knowledge and skills into everyday lives. In the context of child and adolescent psychiatry, it could be possible to know if there is indeed generalization or not, through parents and teachers' evaluations and the use of self-reports. Most studies in this literature review report far transfer or generalization of knowledge into daily lives, through improvement of daily lives and reductions of symptoms on self-reports, or improvement of parents-teacher's ratings. However, follow-up evaluations were rarely made more than a month after the final training session and were not performed in RCT evaluating the effectiveness of commercially available video games in a therapeutic context. This can make it difficult to determine if the skills acquired in game and the beneficial effects in daily life will persist over time.
Finally, the design of the game itself is another factor that may influence the evaluation of the effectiveness in these studies. Serious games included in this literature review have solid theoretical bases (often CBT), but the game acts as a vector of therapy, using a variation of mechanisms to achieve this purpose. The game's design and storyline elements should be described in studies since they can be so varied, and content may be an influencing factor that needs to be considered. Important game design elements that can influence the results are immersive storylines, long terms and meaningful goals, rewards and feedbacks, adaptative levels of difficulty matching player ability (to avoid too much boredom or frustration in order to maintain a high level of engagement), and providing choices supporting player autonomy (67, 68) . Overall, most studies briefly described the incorporation of these game design elements in their games and the procedures used to generalize what is learned in the game outside of it.
Previous meta-analysis from Grynszpan et al., revealed a negative correlation between duration of training and effectiveness of the intervention (25) . This observation was linked to the fact that shorter intervention was supervised by a specialist whereas longer intervention (10 weeks or more) were not (participants of these studies learned how to use these technologies by themselves or with the help of their parents).
In our literature review, we found no correlation between efficacy and duration of training. Instead, few authors pointed out a correlation between efficacy and quantity of content. To maintain the engagement and the attention of the player, the game has to provide enough content and challenges throughout the entire duration of the training, otherwise training may lose its efficacy.
This limitation appeared in the evaluation of the serious game Dojo, a biofeedback preventive game targeting anxiety among teenagers (65) . Results revealed generalization of acquired knowledge and reduction of anxiety levels, but the decrease of symptoms was equal both in the experimental group and the control group (commercial game). During the training, adolescents reported difficulties in maintaining motivation and expressed boredom after approximately four sessions (they finished the game and repeated the same levels over and over during the last two sessions). Other factors could explain the lack of correlation between efficacy of modern serious games and duration of the intervention. We included articles published after 2012 whereas Grynszpan et al. included articles published between 1995 and 2012 (25) . Video games, across all platforms (console, tablet or computer) are getting more intuitive and accessible every year and users are getting more comfortable with these new technologies, specifically children and adolescents. Supervision is no longer necessary to help participants familiarize with these technologies expected for specific hardware-based games such as biofeedback, neurofeedback and specifically designed serious exergames.
Modern serious games can also include online options. Six of the 14 serious games retrieved in this literature review can be played online. Online games can allow the psychiatrist to remotely supervise the patient and monitor his progress as well as to adapt goals of the game, making supervision during intervention less necessary. Another benefit of online serious game is their ability to stimulate pro social behavior and competition by connecting player with each other through internet, thus increasing the estimated playing time of the game while increasing motivation.
The game "plan it commander", a serious game for children with ADHD had the longest intervention in our literature review (10 weeks) and required to be played three times a week for 65 min (48) . The game managed to maintain a high level of motivation by enabling players to communicate with messages and compete with one another through rankings and leaderboards. Results of the evaluation of the efficacy of this serious game showed positive results with significant improvement on time management, social skills and working memory (48) .
Most of the commercially available video games retrieved in this literature review were exergames (five out of eight). Exergames can target somatic symptoms that can often be part of child and adolescent psychiatric disorders or treat symptoms through physical exercises. Exergames thus increase the range of psychiatric disorders treated by video games by targeting symptoms that are not addressed by sedentary games. They were the only games found in this systematic review to be used as part of the treatment of dyslexia and developmental coordination disorder.
Studies evaluating commercial video games (exergames and sedentary games) did not benefit of the same improvement in quality during the past few years in comparison to serious games. These studies included less participants (18 to 100) and suffered from the same limitations as those evaluating serious games (none of them uses a gold standard therapy as control group nor includes any evaluation after intervention and six studies did not include a waitlist). Overall, these games show less generalization (three out of eight studies did not show any generalization or any improvement on targeted symptoms).
A majority of studies refer to specific advantages that serious games can hold for therapeutic use in child and adolescent psychiatry. All studies revealed that these games were well received by children and teenagers and dropout rates were low. These games can represent potential alternatives to usual care for adolescents, as pointed out by the most rigorous RCTs in our selection, those evaluating SPARX (42) and Mindlight (41) . These studies showed non inferior results to treatment-asusual for mild-to-moderate depression in adolescents, and anxiety in children. The main variation, in comparison to treatment-as-usual, is that they require minimal intervention from a clinical practitioner: Mindlight was accessible at school in groups of five-to-ten students supervised by two master students and SPARX was accessible from home without any supervision. Additionally, there is a need for alternative ways of delivering psychotherapy since psychiatric pathologies and therapies can hold a certain stigma, and that it can be difficult for youth in need of mental health care to access proper treatment for geographic or financial reasons (69) . SPARX could become a relevant selfhelp resource, overcoming all those barriers by being easily accessible at home, through internet. Thanks to these characteristics, serious games opened new doors in preventive child and adolescent psychiatry, as shown by the two studies evaluating most thoroughly these games among the retrieved studies. REThink (40) was used to prevent emotional disorders in children and adolescents and SPARX (70) to prevent depression in final-year secondary students. Both studies showed results that compare favorably with CBT equivalent based prevention programs, but again, these games are cheaper than standard CBT, easily accessible and easy to disseminate in schools, making them cost-effective tools for child and adolescent psychiatry prevention programs.
Despite these advantages, to this day serious game included in this literature review are mainly limited to research-based field.
In line with Grynszpan et al., we consider that these innovative games should be accessible for parents and educators (25) , ideally by making their purchase available online for a reasonable fee. By becoming available on internet, serious games could reach a substantial population and benefit from users' feedbacks that could help in return developers to improve them.
CONCLUSION
Serious games can now be considered as an innovative adjunct or alternative in the treatment and prevention of child and adolescent depression and anxiety disorders but also as part of the treatment of ADHD and ASD. In recent years, many well-conducted randomized controlled trials have been published demonstrating promising results. Efforts should be made to make these high quality serious games available to parents and educator.
Future research evaluating serious games and commercially available games (specifically exergames) as part of the treatment of child and adolescent psychiatric disorders should include comparison to a control group undergoing face to face gold standard psychotherapy, a waitlist group and long terms follow-up evaluation. This literature review also highlighted that commercially available exergames hold important promise as a powerful new therapeutic and preventive tool in the treatment of developmental coordination disorder and autism spectrum disorder.
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